In previous studies, higher expression of PREX1 (PtdIns (3,4,5)P3-dependent Rac exchanger 1) has been detected in some subsets of breast cancer, and activation of PREX1 has been associated with tumor progression in vivo. However, an association between PREX1 and breast cancer prognosis has not been examined.
Background
Breast cancer is a malignant tumor that seriously threatens women's health. It is the most common malignant tumor in women. Worldwide, there are approximately 1.6 million new breast cancer patients each year, and more than 500 000 deaths [1] . Despite the availability of chemotherapy, radiation therapy, hormone therapy, and trastuzumab as treatment options for breast cancer patients, there are a subset of patients still experiencing tumor recurrence or metastasis.
Rac1, Rac2, and Rac3 represent members of the Rho-GTPase family of proteins which are associated with the morphology, motility, and invasion of cancer cells that form distant metastases [2] [3] [4] . The most popular mechanism identified for overactivation of Rac in human cancers involves the imbalance of Rac-guanine nucleotide exchange factor (GEF) activity. In particular, PtdIns (3,4,5)P3-dependent Rac exchanger 1 (PREX1) is a subgroup of the Dbl family of Rho-GEFs and has been shown to promote chemotactic agents to stimulate neutrophil chemotaxis and formation of reactive oxygen species [5] [6] [7] . When PREX1 is ectopically expressed in vitro, it promotes cell migration, viability, and invasion [8, 9] . Similarly, targeting of PREX1 with short-hairpin RNA in breast cancer cells that are positive for ErbB receptors has been reported to lead to a reduction in cell migration, proliferation, and the growth of xenograft tumors [10, 11] . In estrogen receptor (ER)-positive luminal breast tumors, both mRNA and protein levels of PREX1 are upregulated, while expression of PREX1 is not detected in normal breast tissue [8, 10] . In addition, PREX1 has been found to be amplified in primary breast tumors, while 58% of breast cancers are reported to be positive for PREX1 by immunohistochemistry [10] . Thus, PREX1 has been identified as a putative oncogene [10] [11] [12] [13] [14] . Clinically, PREX1 has also been found to be related to poor prognosis in various human cancers, including malignant myeloid diseases [15] , ovarian cancer [16] , pancreatic endocrine tumors [17] , and hereditary prostate cancer [18] .
Despite convincing evidence that in some breast cancer subtypes, PREX1 expression is increased and that PREX1 activation is associated with tumor progression in vivo [11] , very few data are available regarding the relationship between PREX1 expression and breast cancer prognosis. Therefore, the aim of this study was to retrospectively analyze PREX1 expression in 121 breast cancer tissue samples and investigate a possible correlation between PREX1 expression and breast cancer prognosis.
Material and Methods

Patients with breast cancer and tumor samples
We obtained 121 tumor samples from breast cancer patients. All patients (aged 13-81 years) underwent surgery and other treatments between 2000 and 2007 at Peking Union Medical College Hospital (PUMCH, Beijing, China). The median follow-up time was 29 months. Treatment after surgery included a combination of cyclophosphamide, methotrexate, and 5-fluorouracil (CMF), or capecitabine, paclitaxel, anthracycline, radiotherapy, tamoxifen, or aromatase inhibitors. Some patients received a combination of agents for their treatment. In our study, recurrence was the presence of nodules in the chest wall, and metastatic sites were defined as bone, liver, lung, brain, supraclavicular lymph nodes, and contralateral breast.
Ethics approval and consent to participate
Peking Union Medical College Hospital ethics committee reviewed the study protocol and deemed the study exempt from full review (approval no. S-K609, dated November 5, 2018). All patients in our study provided written informed consent for participation.
Availability of data and materials
The datasets generated during and/or analyzed in the current study are not publicly available but are available from the corresponding author on reasonable request.
Immunohistochemical (IHC) staining and analysis
Collected tissues were paraffin embedded after fixing in neutral buffered formalin (10%) and tumor sections (4 um thickness) were accomplished by adhesion slides. According to normal protocols, immunohistochemical (IHC) staining was performed with standard autostaining protocols (Ventana Benchmark XT autostainer system). Isotype antibody and control tissue were included in positive and negative controls, according to the manufacturer's recommendations. Two pathologists evaluated each IHC slide respectively.
IHC analyses of ER, progesterone (PR), and human epidermal growth factor receptor 2 (HER2) were analyzed in the clinical laboratory at PUMCH. The sections were cut at 5 μm thickness and mounted on silicified slides. The expression of ER, PR, and HER2 were determined according to routine methods. All the samples were stained with hematoxylin and eosin, and histological analyses were performed according to classifications established by the World Health Organization [19, 20] .
From pathological reports, tumor size and number of metastatic lymph nodes were derived. Metastases were confirmed by biopsy and the locations were detected by imaging examinations. In IHC staining, negative expression of ER, PR, and HER2 were defined as basal-like features. If at least 1% of tumor cells were stained, ER and PR expression were considered positive. If >30% of the invasive tumor cells were stained in 6555 intense membrane by IHC, more than 6 HER-2 gene copies per nucleus were revealed by fluorescence in situ hybridization (FISH), or HER2 signal compared to chromosome 17 signal was >2.2 with FISH ratio, HER-2 expression was considered positive.
Statistical analyses
Statistical analyses were performed by SPSS software (version 21.0). The c 2 test and Mann-Whitney U test were applied to IHC results and various clinicopathologic parameters. The latter were also evaluated in relation to disease-free survival (DFS) with Mann-Whitney U test, c 2 test, and logistic regression. The log-rank test was used to determine the significance of associations observed between PREX1 and DFS in Kaplan-Meier survival analyses. All of the statistical tests performed were 2-sided and P-values less than 0.05 were considered significant. 
IHC detection of PREX1
Consequently, total PREX1 expression was analyzed in 121 human breast cancer tissue sections. Representative negative and positive IHC staining for PREX1 are shown in Figure 1 . IHC staining results of epithelial cells, and nonstromal cells, were classified as: 3+ (tumor cells were stained positive at least 50%), 2+ (tumor cells were stained positive in 10-50%), 1+ (tumor cells were stained positive in 1-10%), and negative (tumor cells were stained positive <1%).
Associations of PREX1 with clinicopathologic features of breast cancer patients Table 2 summarizes the associations identified between the clinicopathological characteristics of our cohort and PREX1 expression. No significant associations were detected between PREX1 expression and patient age, histology subtype, tumor size, lymph node involvement, or pathologic stage. In contrast, PREX1-negative tumors were significantly associated with tumor recurrence (P=0.000) and metastasis (P=0.001). Associations between DFS and tumor size, basal-like features, and PREX1 status were also examined (Table 3 ). In univariate regression analyses, basal-like features, hormone therapy, and PREX1 expression exhibited significant associations with DFS. In multivariate regression analyses, PREX1 expression, and hormone therapy were identified as independent predictors of DFS.
Associations of PREX1 expression with metastasis and recurrence
The rate of metastasis or recurrence was 53.7% among the 121 patients examined. The associations between PREX1-positive tumors with both recurrence rate (P=0.000; Figure 2 ) and metastasis rate (P=0.001; Figure 3 ) were significant. Kaplan-Meier survival curves for DFS versus PREX1 expression are shown in Figure 4 . PREX1 expression exhibit a significant association with DFS (P=0.013).
Discussion
In recent studies, PREX1 has been shown to be an important mediator of tumor cell migration [8] [9] [10] , the human PREX1 gene has been related with poor prognosis in cancer [11, 21] , and hypomethylation of the PREX1 promoter was identified as a prognostic marker of poor patient survival [22] . In the present study, PREX1 expression was not found to be significantly related to tumor size, pathological stage, hormone receptor (HR) expression, or basal-like features. These results are inconsistent with previous findings that PREX1 are upregulated in estrogen receptor positive breast tumors [8, 10] and that PREX1 expression is highest in ER+ breast tumors compared with other cancer subtypes [8] . In contrast, the significant association that was identified between PREX1 and tumor recurrence in the present study is inconsistent with the results of previous in vitro and in vivo studies [10, 11] . Moreover, univariate and multivariate regression analyses revealed that PREX1 is an independent predictor of DFS, and according to Kaplan-Meier survival curves, higher expression of PREX1 was associated with longer DFS in breast cancer.
In a recent study, PREX1-Rac-GEF activity was shown to be critical for cell growth and the growth of xenograft tumors. Thus, PREX1, Rac, and GEF are likely to be therapeutic targets for breast cancers with high expression of PREX1 [23] . In another study, a significant association between levels of phosphorylated Rex1 (P-Rex1) in human luminal breast cancer and poor prognosis was observed [21] .
Downregulation of phosphorylated Rex1 (P-Rex1) was also reported to increase sensitivity of prostate tumors to bevacizumab [21] . Accordingly, VEGF/VEGFR-targeted therapy in combination with inhibition of P-Rex1 or Rac1 may improve the efficacy of these therapies significantly [24] . Overall, downregulation or upregulation of PREX1 has been found to reduce or promote the proliferation, migration, and invasive capacity of breast cancer cells, respectively [8] [9] [10] [11] . The results of the 
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present study indicate that lower levels of PREX1 expression are associated with poor prognosis in breast cancer patients, which is contrary to previous research conclusions. Our results remain to be confirmed in a larger study.
There were several limitations associated with the present study. First, the retrospective and single-institution samples analysis each represented limitations. Evaluation of PREX1 expression without standard method is also a disadvantage in this present study. Furthermore, multicollinearity existed between tumor size, number of metastatic lymph nodes, and TNM stage among the clinicopathological information, although these features were analyzed independently with regression models. Finally, we observed that PREX1 is associated with breast cancer recurrence and metastasis, and PREX1 was identified as an independent prognostic factor of DFS. It is possible that the short follow-up time and limited sample size of the present study account for this inconsistency with other research. Accordingly, a prospective multi-institutional study with larger number of patient samples are needed to prove the prognostic role of PREX1. Given the importance of PREX1 in breast cancer, it is additionally possible that PREX1 represents a valuable target in diagnosis and treatment for breast cancer.
Conclusions
The present study demonstrated that PREX1 expression was associated with recurrence rate and metastasis rate. Univariate and multivariate regression analyses also identified PREX1 expression as an independent predictor of DFS. While the present findings remain to be verified in a studies with a larger number of samples, our results suggested that PREX1 expression is an independent favorable predictor for breast cancer patients.
